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The present study has analysed the relationship between lipid peroxidation and antioxidant status in erythrocytes 
from 30 adult male cigarette smokers and an equal number of age and sex-matched normal subjects Erythrocyte 
lipid peroxidation was markedly increased. The enzymic antioxidants were decreased in erythrocytes of cigarette 
smokers. The present study highlights the occurrence of lipid peroxidation and possible breakdown of antioxidant 
status in cigarette smoking. Copyright © 2000 John Wiley & Sons, Ltd. 
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introduction 

Free radical-mediated processes have been impli¬ 
cated in tobacco carcinogenesis . 1 Active oxygen 
radicals are generated indirectly in pulmonary 
alveolar macrophages stimulated by cigarette 
smoke, which therefore becomes an important 
tumour promoter besides manifesting its carcino¬ 
genic action . 2 Lipid peroxidation causes consider¬ 
able alteration in the functional and structural 
organization of the cell membrane . 3 The smoking- 
related inflammatory response may stem from an 
imbalance between oxidant and antioxidant 
status . 4 The erythrocyte membrane is particularly 
susceptible to oxidative damage due to a high 
content of iron, polyunsaturated fatty acids and its 
role as an oxygen transporter . 5 

The formation of lipid peroxidation products is 
normally prevented or scavenged by a host of anti¬ 
oxidants. The normal erythrocyte is highly resistant 
to free radical damage due to its multilevel anti¬ 
oxidant defence mechanisms . 6 Superoxide radicals 
are cytotoxic. Their efficient clearance by super¬ 
oxide dismutase (SOD) creates hydrogen peroxide 
which is considerably less toxic and which is further 
reduced by catalase to water. They (SOD and 
cataase) prevent formation of the extremely toxic 
hydroxyl radical . 7 Glutathione, an important 
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cellular reductant is involved in protection against 
free radicals, peroxides and other toxic com¬ 
pounds . 8 Erythrocyte glutathione peroxidase is 
responsible for the detoxification of peroxide . 9 
The ability of the antioxidants to destroy free 
radicals protects both the structural integrity of cells 
and tissues 10 and also against the deleterious effects 
oflipid peroxidation.” 

Thirty per cent of the total cancer mortality in 
men and women is associated with smoking 
according ro present estimates in the USA . 12 
There is evidence that cigarette smoke is a major 
risk factor for many types of human cancer 13 such 
as oral and pharyngeal cancer because it contains 
oxidant species .’ 4 However, the involvement of free 
radicals in cigarette smoking has not been firmly 
established. The erythrocyte is an excellent model 
For studies on lipid peroxidation and antioxidant 
status due to its simplicity, easy availability and 
ease of isolation. The present study was therefore 
undertaken to assess the extent of lipid peroxida¬ 
tion and the status of antioxidants in erythrocytes 
of cigarette smokers. 

MATERIALS AND METHODS 

Blood samples were obtained by puncture of an 
arm vein and were collected into heparinized tubes. 
Plasma was separated from packed cells and cell 
counting was done as described . 15 Cells were plated 
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in 30-mm Petri dishes at a density of 1 -25 x 10 5 
cells per dish and allowed to grow. Cells were serum 
deprived for 48 h followed by effector treatment. 
Cells were rinsed extensively and counted after 
tryptan blue staining. The erythrocyte membrane 
was prepared by the method of Dodje et a/? 6 as 
modified by Shanmugasundaram el a/. 17 followed 
by haemoglobin measurement as described by 
Drabkin and Austin 18 and the content of the 
erythrocyte membrane protein measured according 
to the method of Lowry et al? 9 

Enzyme assays 

Superoxide dismutase was assayed as described 
by Misra and Fridovich. 20 The hemolysate was 
diluted with water, ethanol and choloroform. To 
the supernatent, 01 m carbonate—bicarbonate buf¬ 
fer pH 10-2 was added. The reaction was initiated 
by the addition of 3 mM epinephrine and the change 
in absorbance per minute measured at 50 per cent 
inhibition of adrenochrome transition enzyme was 
taken as one enzyme unit. The procedures used for 
catalase and glutathione peroxidase were similar to 
those used by Sinha 21 and Rotruck et al? 2 respec¬ 
tively. Catalase activity was determined by measur¬ 
ing the decomposition of hydrogen peroxide at 
570 nm. Glutathione peroxidase was assayed by the 
addition of incubation mixture (containing phos¬ 
phate buffer 0-32 m (pH 7-0), 10 mM sodium azide, 
4 mM reduced glutathione, 2-5 mM hydrogen per¬ 
oxide) to the haemolysate and incubation at 37”C. 
The reaction was terminated by addition of 10 per 
cent trichloroacetic acid followed by the addition of 
5-5'-dithiobis (2-nitro benzoic acid) in 1 per cent 
sodium citrate (DTNB). Colour development was 
read at 412 nm. The reduced glutathione was 
measured by the method of Beutler and Kelly. 23 To 
an aliquot of lysate was added 10 per Cent trichloro¬ 
acetic acid. To the filtrate obtained, was added 0-3 m 
disodium hydrogen phosphate and DTNB reagent 
as prepared previously. The absorbance of the 
colour that developed was measured at 412 nm. 

Lipid peroxidation determination 

The level of lipid peroxidation was assessed by 
the method of Cyanoman et al?* To the membrane 
suspension was added 01m phosphate buffer 
pH 7-4 and 40 per cent trichloroacetic acid. To the 
supernatent 1 per cent thiobarbituric acid was 
added and the contents were boiled for 20 min, 
cooled and read at 535 nm. 
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Statistical analysis was carried out usine the 
Student’s f-test. 

RESULTS AND DISCUSSION 

The investigation was designed to determine the 
deleterious effects due to oxidative stress produced 
by cigarette smoking. Table 1 shows the haemato- 
logical record of the subjects investigated. Fasting 
blood glucose in smokers is slightly higher than 
non-smokers, although the changes are statistically 
significant. Colbert et al? 5 concluded that long¬ 
term smoking independent of acute smoking, 
increases the dependence on blood glucose as a 
fuel during rest and sustained submaximal exercise. 
Haemoglobin decreased from 14-3 to 12-1 gdC 
and the cell count from 5-7 to 41 x 10 6 pl _1 
compared to control subjects. It is clear from the 
data that as the cell count per unit volume 
decreases the haemoglobin is bound to fall also. 

Table 2 shows the extent of lipid peroxidation in 
the erythrocyte membrane of normal subjects and 
smokers. Lipid peroxidation was significantly in¬ 
creased in smokers to about 319 pinole of MDA 
liberated per 10 12 cells compared with approxi¬ 
mately 273 pmole of MDA liberated per 10 12 cells in 
normal subjects. Lipid peroxidation has been 
implicated in a number of deleterious effects such 
as increased membrane rigidity, osmotic fragility, 
decreased cellular deformability, reduced erythro¬ 
cyte survival and lipid fluidity. 26 Red blood cells of 
smokers were more fragile than those from control 
subjects. This can be attributed to lipid peroxida¬ 
tion of the red cell membrane. Oxidative stress has 


Table I. Haematology of the subjects investigated. 


Parameters 

Non-smokers 

Smokers 

Glucose (mg dl — 1 ) 

89 15 ± 7 13 

95-22 ± 4-30* 

Haemoglobin (gdl~ f ) 

14-65 ± 1 30 

12 I7 + 0-S5+ 

Red blood cell count (10 6 |il _l ) 

5 73 + 0-69 

4-06 ±0-51 + 


The results represent the mean + SD from 30 subjects in each 
group *p < 0-001; ip c 0 01. 


Table 2. Level of lipid peroxidation in erythrocyte membranes 
of non-smokers and smokers. 


Parameters 

Non-smokers 

Smokers 

Lipid peroxidation 

273-06 +9 24 

319-20 ±3-31* 

(prnole of MDA 



liberated per \0 12 cells) 




The results represent the mean + SD from 30 subjects in each 
group. * p < 0 001 
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Table 3. The antioxidant status in erythrocytes and erythrocyte membranes in non-smokers and smokers. 


Parameters 

Non-smokers 

Smokers 

Erythrocytes 

Superoxide dismutase {Units mg" 1 Hb) 

3 52+ 1 03 

2-77 + 0-18* 

Glutathione peroxidase (jig of reduced glutathione liberated 

5 38 + 0 04 

4 85 + 003* 

mg" 1 Hbmin" 1 ) 

Reduced glutathione (Mg mg -1 Hb) 

0 181 +0 005 

0-166 + 0 004* 

Erythrocyte membrane 

Catalase (pmole of H-,0 2 consumed lO -1 - cells min" 1 ) 

4-40 + 0 04 

3-40 + 0 06* 


The results represent the mean + SD from 30 subjects in each group. *p < 0-01. 


been reported to reduce the whole cell deform- levels in smokers can be correlated with the 
ability. Malondialdehyde cross-linking and lipid reduction in catalase activity, 
peroxidation have been suggested to play a role in Glutathione is a metabolic regulator and a 
the immunological destruction of erythrocytes. 27 putative indicator of health. Blood glutathionne 
The decrease in erythrocyte count in smokers may levels are believed tq be predictors of morbidity and 
be a consequence of enhanced lipid peroxidation of mortality. 35 Low glutathione levels and the 
erythrocytes. decreased activity of glutathione peroxidase found 

The antioxidant status in erythrocytes (super- in smokers in the present study supports the 
oxide dismutase, glutathione peroxidase and gluta- hypothesis that smoking leads to a greater oxidative 
thione reductase) and in the erythrocyte membrane burden and depletion of antioxidant defences. The 
(catalase) of normal subjects and smokers is decrease in red cell glutathione peroxidase activities 
presented in Table 3. All the antioxidant enzymes in smokers may be due to increased scavenging of 
were significantly decreased in smokers compared lipid peroxides. Red blood cell glutathione and 

with non-smoking individuals. The antioxidant glutathione peroxidase have a major role in 
enzymes superoxide dismutase, catalase and gluta- protecting the erythrocyte membrane against 
thione peroxidase, are reduced by 20-30 per cent, oxidation 36 A decreased content of red blood cell 
while glutathione reductase is reduced by less than glutathione in smokers may be one of the main 
10 per cent in the blood samples from smokers factors responsible for the increased fragility of 
(Table 3). erythrocytes. 

Decreased activity of superoxide dismutase has The present findings indicate that erythrocytes 
been reported in pathological conditions. 28 - 29 from smokers are more susceptible to lipid peroxi- 
Superoxide, a highly diffusible radical which can dation as a consequence of insufficient antioxidant 
transverse membranes, causing deleterious effects, potential and greater oxidative burden. The low 
and active oxygen species are generated by the antioxidant status of smokers may predispose them 
active metabolites of naphthylamines during to oxidant- and cytokine-inflicted tissue damage 
inhalation and absorption of cigarette smoke by and disease, which may manifest iiself as coronary 
pulmonary cells. 30 It is possible that increased lipid heart disease, atherosclerosis and cancer, 
peroxidation in smokers and low activity of super¬ 
oxide dismutase within, red cells are due to active ACKNOWLEDGEMENTS 
oxygen radicals produced by the cigarette smoke. 
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